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SPECIRCATION 

Controlled Release Pwrtler aiKl Process for Ite 

This invention relates to controlled release fonnulations and, in particular, to sustained release 
powders consisting of discrete micro-particles. 
5 Many types of controlled or sustained release pellets are known which are loaded into capsules for oral 5 
adrnlnlstration. These pellets can be described as macro-partides and invariably have an ave 
greater than 400 pm. Such pellets are the subject for example, of the Applicants' E P A 0 122 077, 
EP«-A— 0 123 470, EP— A— 0 156 077 and EP— A— 0 149 920. 

Sustained release peMets cannot be readily formulated as liquids. Sustained release liquids are • • ^ 

1 0 desirable for use as geriatric and paediatric formulations. 1 0 

Various processes are known for the production of microspheres using solvent evaporation emulsion 
techniques. Known micro-encapsulation techniques are generally employed for phase transformation, such 
as for the conversion of liquids to solids. Alternatively, such techniques may be used for protecting an 
active material, such as coating aspirin to mask its stomach irritant properties. 
1 5 Sustained release liquids are known which contain ion exchange resins. In such sustained release 1 5 

liquids the active ingredient is bound to an ion exchange resin in the form of a reversible complex and is 
displaced therefrom in vfvo. Such sustained release liquids are described, for example, in French Patent 
Publication No. 2 278 325. ^ 

It is an object of the present invention to provide a controlled release powder of discrete micro-particles 
20 which can be readily formulated in liquid form but which can also be formulated in other sustained release 20 
forms such as tablets which have improved properties relative to the known forms. 

Accordingly, the invention provides a controlled release powder containing discrete micro-particles for 
use in edfble pharmaceutical and other sustair>ed release compositions, said powder comprising partides 
containing an active ingredient and optionally an exdpient in intimate admbcture with at least one norvtoxtc 
25 polymer, each ofsaid partides being in theformofamicromatrix with actweingrediem and the ex^ 25 
preseent uniformly distributed throughout the polymer, said partides having an average size of between 
0.1 and 125 wn and having a predetermined release of active ingredient when the dissolution rate thereof Is 
measured according to the Paddle Method of U.S. Phannacopoeia XX at 37X and 75 r.p.m. 
Preferably, the partides have an average size of between 5 and 1 00 Jim. 
30 The Applicants have coined the term "pharmasomes" for the micro-particles of the powder according 30 
to the invention and which term is used hereinafter in the Specification. 

The controlled release powders according to the invention can permit a sustained release of active 
ingredient as hereinafter demonstrated. 

Furtiier preferably, the active ingredient Is a drug, a nutrient a colouring agent, a fragrance, a hert>idde, 
35 a pesticide, a flavouring agent or a sweetening agent , , . 

The powder can be dispersed or suspended in a liquid vehide and will maintain its sustained release 
characteristics for a useful period of time. Such dispersions or suspensions have both chemical stability and 
stability in terms of dissolution rate. 

The polymer may be soluble, insoluble, permeable, impermeable or biodegradable. The polymers may 
40 be polymers or co-polymers. The polymer may be a natural or synthetic polymer. Natural polymers indude 40 
polypeptides, polysaccharides and alginic acid. A suitable polypeptide is zein and a suitable polysaccharide 

^Rep°^entative synthetic polymers indude aikyi celluloses, hydroxyalkyl celluloses, cellulose ethers, 
cellulose esters, nrtro celluloses, polymers of acrylic and methacry lie acids and esters thereof , polyamides, 

45 polycarbonates, polyalkylenes, polyalkylene glycols, polyalkylene oxides, poiyalkylene terephthalates, 45 
polyvinyl alcohols, polyvinyl ethers, polyvinyl esters, polyvinyl halides, polyvinylpyrrolidone, 
polyglycolides, polysiloxanes and polyurethanes and co-polymers thereof. 

Particularly suitable polymers include: methyl cellulose, ethyl cellulose, hydroxypropyl cellulose, 
hydroxypropyl methyl cellulose, hydroxybutyl methyl cellulose, cellulose acetate, cellulose propionate 

50 {lower, medium or higher molecular weight), cellulose acetate propionate, cellulose acetate butyrate, 50 
cellulose acetate phthalate, carboxymethyl cellulose, cellulose triacetate, cellulose sulphate sodium salt 
polylmethyl methacryrlate), poly(ethyl methacrylate), polyfbutyl methacrylate), poly(isobutyl methacrylate), 
polylhexyl methacrylate), poiy(isodecyl methacrylate), polydauryl methacrylate), poly(phenyl 
methacrylate), polylmethyl acrylate), poly(isopropyl acrylate), polylisobutyl acrytate), polyloctadecy! 

55 acrylate), poiylethylene), polyiethylene) low density, polyiethylene) high density, polyjpropylene), 55 
poly(ethylene glycx>l), poly(ethylene oxide), poly(etiiylene terephthalate), poly(vinyl alcohol), poly(vinyl 
isobutyl ether), polylvinyl acetate), poly(vinyl chloride) and polyvinylpyrrolidone. 

Especially suitable co-polymers include butyl methacrylate isobutyl methacrylate co-polymer, high 
molecular weight, methylvinyl ether/maleic acid co-polymer, methyh^inyl ether/maleic acid, monoethyl 

60 ester co-polymer, methylvinyl ether/maleic anhydride co-polymer and vinyl alcoholAnnyl acetate co- 60 
polymer. 

Representative biodegradable polymers include, polyglycolides, polyiethylene terephthalate) and 
polyurethane. 

Representative acrylates and methacrylates are polymers sold under the Trade Mark Eudragit 
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When the active ingredient is a dnig there is essentially no limitation on the type of drug which may be 

*^ rotative active ingredients indude antadds. antJ^nflammatory substances, coronary dilators, 
bS»%TeriS^r^> vSdilators, anli-infecdves. psyd,otropics, anti^anics stimulants, am.- 
. ^IrSlS lSS decongestants, vitam^ gastrc^ntestinal sedatives, anti^iantaal preparations, 
^ ''IfTi^lSCw V^dHatofS, anti^rthythmics, anti-hypertensrve drugs, vasoconstnrtors and m.gra.ne 
^" lfriJSSS^ndanti4hromboticdrugs.anal^ 

S^ausS^ anfrconvulsants. neuromusculardrugs. hyper-and hypoglycaem.c agents, 
anti^metcs. ^^^^ aureScs. antispasmodics, uterine relaxants, mineral and nutritional 

SSSS^cooghsupressants,mucolyticsandanti-uncen,.cdrugs. ^ ^ 

-r - I ortiveinaled'ienls include gastro-intestinals8dativessuchasmetodopram.de and 

Typica ^'^^^"^r^S^^as aluminium trisilicate, aluminium hydroxide and cmetidine, 
propanthehnebro.J^.ajrtac,desud^^^ 

antiMnflamnwton^da^such « p^«.Vi ^ 

SHum^nimS^e.^^ 
solo(*dilurn, vinramm^ substan^ sudi as erythromycin stearate. cephalexin, nalidixic aad. 
nicotinic acid, antiHn^ve sutetan^^ ^^^^.^^ mandelate and hexamine hippurate. 

tetiBC/dine hydrod^londe a^^^^^ temazepam. amrtryptyline. doxepin, lithium carbonate, 

r C^StS^S^StorT-m^ ""'"'^"^"^'r'"^°*'SruranSr^i 
^^^^IJLnde. imipramine and desmethylimipramine, central nervous sbmulants sudi as 
maprotiline ^Vdrodi^oe, imrpra isoproterenol, amphetamine sulfate and amphetamine 

:?''Se?n«ttrc d^^^^^^ d,lorpheniramine and 

bydrochlonde, f ""^'^^rrtrea^^ sud) as bisaoodyl and magnesium hydroxide, the laxative drug, 
25 brompheniramine^ntiKJarmea om^suOT^ ascorbic acid, alpha tocopherol, thiamine 

•?l»rirtr*^vera^^ . . 

of the heart such verapam^ gluconate, drugs used in the treatment of hypertension sudi as propranolol 

quinidine sulfate methyldopa, oxprenolol hydrodiloride. captopril and 

30 hyd~* 9"/^^ sud; as ergotamine, dmgs affeding coagulabilinr ot 

T:S^'^^^>^^^^<i protamine sulfate, analgesic drugs sud, as acetyisalicylic aad, 
blood such as ^P^'°"r'""r~J-.^ «,ri«ne sulfate oxycodone, dihydrocodeine tartrate, oxycodeinone, 

^m':SrheSntar^^^ 

morphine, heroin, noiuupn , ^ jL-amir ariri anti-eoHeDtic druqs such as phenytom sodium and 

sodium ^'P^ ° ' ?^^il^irdfebenase olucaaon and insulin, drugs used in the treatment of thyroid gland 
JSSSo^ic'SSdoS'^^^^^^^ diuretic daigs sudi as furosemide, 

i^SlL^e hydS^?o^Sde,spi^^^^ 

dilonhalidone^orw^o fenfluramine hydrodiloride. phentermine and diethylpropnon 

^ SSSSSlS^S^m1b?a^d b™^^^^ 

SS^aTneXTphSand terbutaline sulphate, expectorant drugs such as g"f .phenesin^ugh 
^^o^iSSas dextromethorphan and noscapine,mucolyticdrugs sud, as cajtoc.^^^^^ 

fi^^^^udi M i«tylpyridinium *lori tyrothridn and dilorhexidine, decongestant drugs sud, as 
anti-sephcs « ^'"^^'^ . hypnotic drugs such as did,loralphena2one and nitrazepam, 

S c^taum ^uZate, uricLric drugs sud, as sulphinpyrazona. allopunnol and probenead. 

Particolariy preferred artive ingredients are: ibuprofen. paracetamol. . ^ 

dex^SXp™^^^^^ 
50 cephalexin ceph«dor^^^^^^ 

diSllSibutamo'iytrimethoprim/sulphame*^^^ 
guaiphenesin. potassium chloride and metoprolol tartrate. 

EsoedallY preferred active ingredients indude theophylline, paracetamol and potassium dilor^e. 

obtain a controllwl release of sacdiarin. such as, for example in diewiiig gums. The active 'nQredient may 
;isoio*ersweeteninflagents.6uchas,fbrcxample,aspa,t8mevirhichi8espea • 

^''^iS^ntfonalsoprovidesaprocessforpreparingthecontrolledreleasepowderaccordingtothe 60 
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c) removing the solvent from the mixture so as to obtain micro-particles having an average size in the 
range^0.1to125Mm. 

The soh^entis selected from water, alcohols, ketones, halogenated aliphatic compounds, halogenated 
aromatic hydrocarbon compounds, aromatic hydrocartran compounds and cyclic ethers or a mixture 

5 thereof. 5 
Especially preferred soh^ents include, water, hexane, heptane, methanol, ethano), acetone, methylethyl 
ketone, methylisobutyl ketone, methylene chloride, chloroform, carbon tetrachloride, toluene, xylene and 
tetrahydrofuran. 

The choice of sohwit or soh^ents will be dictated by the particular polymer or polymers selected. For 
1 0 example, suitable solvents for use with the celluloses are acetone or a mixture of methanol and methylene • 1 0 
chloride. 

The concentration of the polymer In the solvent will normally be less than 75% by weight. Normally the 
concentration will be in the range of 10— 30% by weight 

[f the active ingredient is not soluble in the polymer solution the particle size of the active ingredient is 
1 5 reduced to less than 10 Mm. The reduction of particle size may be achieved by milling, for example, by ball 1 5 
milling or jet milling. 

. The active ingredient may, of course, be a liquid. 

The ratio of drug to polymer will vary within wide limits, such as within the range 0. 1 : 1 0 to 1 0: 1 . 
The uniform mixture of the active ingredient in the polymer solution may be achieved by rapid and 
20 continuous mixing. 20 
The removal of the soh^em and the formation of particles of the desired size may be achieved in a 
number of ways, 

1. Spray Drying 

The mixture of active ingredient and polymer in the soWent is sprayed into a stream of hot air in 
25 conventional manner. This causes the solvent to evaporate and the powder is collected in the spray drying 25 



The size of the particles may be controlled in a number of ways, for example, by pre-selecting the inlet 
and outiet temperature of the spray dr/ing vessel; the rate of introduction of the spray, the size of the spray 
tip or ttie ratio of the concentration of active ingredient to polymer. . , 

30 2. Use of an External Liquid Phase 30 
The mixture of active ingredient and polymer, which is in the form of a solution or suspension, is 
poured into a liquid external phase. The liquid extemal phase comprises a solvent which is immiscible or 
partially immiscible with ^e active ingredient/polymer mixture. 

The choice of extemal liquid phase will be determined by the particular combination of active 
35 ingredient and polymer selected. Suitable liquids for the extemal liquid phase include water, aqueous 35 
solutions, for example, sugar solutions, organic soh^ents, mineral oil, vegetable oils, fixed oils, syrups or 
sillcories. The aqueous solution may include a thickening agent such as xanthan gum, to increase the 
viscosity thereof. Oils may be made more viscous by the addition of substances such as magnesium 
stearate. The external liquid phase may also comprise a solution of a different pH, for example, a buffer. 
40 The ratio of extemal liquid phase to polymer mixture will be at least 2: 1 . 4q 
Following addition of the active ingredtent/^lymer mixture to the extemal liquid phase, the two phase 
mixture obtained is emulsified, for example, by rapid mixing. The emulsion formed may be either stable or. 
unstable. Globules of the active ingredient/polymer are thereby formed in the emulsion. 

The solvent may be removed in a number of ways. If the solvent is volatile it can be removed passively. 
45 For example, if the solvent is acetone it would normally be removed by evaporation during the mixing step. 45 
The particles formed are then harvested by filtration or centrifugation. 

The solvent can also be removed by heating while mixing the two phase mixture. For example, the 
soh/ent may be removed on a rotary film evaporator. The solvent may also be removed under vacuum with 
or without heating. Microwave drying may also be employed with or without the application of a vacuum. 
50 Another mode of solvent removal is freeze drying. 50 
After harvesting of the micro-partides, they will normally be given successive washings with a suitable 
solvent followed by drying. 

For example, when the solvent used is acetone and the extemal liquid phase Is rnineral oil, then the 
micro-particles will be gKren successive washings with hexane and dried at 45*^. 
55 On a commercial scale emulsrfication of the mixture may be achieved by emulsification with an lr)-line 55 
mixer or mixers. 

The particle size may be controlled in a number of ways. For example, the particle size may be 
controlled by the rate of mixing, the viscosity of the extemal liquid phase, the viscosity of the internal phase, 
the active ingredient particle size of the volatility of the solvent 

60 3. Other Methods for the Removal of the Solvent Include Phase Separation, Interfacial Polymer Deposition 60 
and Coacervation 

The optional excipient used in association with the or each active ingredient will frequentiy have an 



Smple,g»ucoseoroneorn««am.^^^^ 

10 When the active ingredient is a ^^^'^Jns acSnling to*e invention include pills and tablets. 
inawidevariety^lbrms^Phamja^ 

for example, coated tablete, ^''^^^'^^^^^^'"^ ablets and optionally coated without any 

?^^S"aS,S«S^^^^^ 
gelatin rapsulesorhard gelatin «F«ul^^ suppositories, vaginal tablets and vaginal inserts. 
OtiiersoliddosageforrnsindudepKsanK, leOT in implants and ocular inserts. 

20 The particles according to ti.e ''r^°"^^"^t3^,eS o^S application, such as, for example, as 
Thepowderscanalsobeformulatedmformssu^^^^^ 

pastes, gums, mucilages f "f^jf ^ micropartides according to die invention include 

40 and antibiotics. fr.pmuiations according to the invention are non-aqueous suspensions 

Tu^^'^t^bte SSS^H-So^^^^^^^^ suitable drugs for formulating in tWs way 
of highly waterscrfubleorwaterifteoi^^^^ 

include dextromethojphan.guaiphenesin and^^^^^^ ^^^^ 3^ .„ 

T>,e liquid fonnu^flonsh^^^ 

ingredient of up to 1 9 per 5 ml. example, analgesics, necessitating a 

and bronchial ^j^e nowders according to the invention is of significant importance in the 

The taste maslangfcattJreofthepowd^^ 

areaofpaediatncmedane_H«^^^^^^ 
examplejntiie^jofant^^^^ 

55 is virtually .mpo^.ble g ^"'^^^^^'^j" ^„eh known oral fomiulations are rejected by animals, 
successfully mask ^f ^^^'^^'^^ aspect provfdes convolled release antibiotic 

form^anS^nryrrmr;^^^^^^^ 

a,arelnJeformafpaj^«J~~^^^^^^^ 60 
60 b) "/^SSSSbirarJS^^ ^s^ of the povvders according to the invention. 

'"'"'tSjItion to drugs, nutritional supplements such as vitamins can be administered orally to animals 
65 using the powders according to the invention. 
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Suitable veterinary preparations according to the invention include veterinary feeds, boluses, drenches 

and washes. . ^ -i* . * 

In the agricuitiiral field the powders according to the invention can also be used for preparaton of 
controlled release herbicides and pesticides. 
5 In the cosmetics field one use of the controlled release powders according to the invention is as 5 
sustained release fragrance particles for use in talcum powders, creanns, lotions and other cosmetic 
preparations. 

Each of the particles of the controlled release powder according to the invention represents a true 
micromatrix with the active ingredient and optionally one or more exdpients unrfomfily distributed 

1 0 therethrough as depicted in Fig. 1 of the accompanying drawings whldi is a half-tone drawing prepared '10 
from an electron micrograph of "pharmasomes" containing theophylline and prepared as described in 
Example 1 below. The theophylline can be observed to form veins or a labyrinth throughout the polymeric 
material of the "pharmasome". Rg. 2 is a half-tone drawing prepared from an electron micrograph of the 
"pharmasomes" after the theophylline has been leached out by dissolution in water for 24 hours. One is left 

15 with a matrix structure of polymeric material. 'IS 
The micromatrix nature of the particles can also be demonstrated by their dissolution profile. Referring, 
for example, to Examples 1 and 2 hereinbelow, it is found that the dissolution rate (D) is directiy 
proportional to the square root of time (t) according to the following equation: 

DoVr 

20 after an initial burst of release of active ingredient which is considered to be active ingredient lying dose to 20 
the surface of the particles. The dissolution rate is dependent on the amount of active ingredient remaining 
in the partide matrix at any given time. Theoretically the last molecule of active ingredient never leacKiBS 
out The dissolution rate is assumed to reach 100% at infinity. 

The partides according to the invention also have a degree of porosity which can be calculated from the 
25 absolute density of the partides measured on a pycnometer. The dissolution rate of the partides according 25 
to the invention is also found to relate to the degree of porosity of said partides. 

The micropartides according to the inventiori are to be distinguished from microcapsules in that in the 
latter the active Ingredient is encapsulated by a polymer coating, whereas in the former the active 
ingredient is uniformly distributed throughout the polymeric material as described above and as indicated 
30 in Figs, land 2 ofthe accompanying drawings, . ^. . . 

The invention v«ll be further illustrated by the following examples. In the examples the dissolution rate 
of the various pharmaceutical formulations is measured by the Paddle Method of U.S. Pharmacopoeia XX 
at 37^ and 75 r.p.m., using 200 mg of sample per 900 ml of simulated intestinal fluid excluding enzymes. 

EXAMPLE 1 « 
35 Preparation of MicfO-Partides Containing Theophylline 35 
Theophylline was ground In a motorised ball mill and then sieved through a 38 pm mesh sieve. 
Cellulose acetate butyrate (CAB) was dissolved in acetone so as to give a concentration of CAB in 
acetone of 15% w/v. , . ^ - 

Hexane (20 ml) was added to an aliquot ofthe C:AB solution (100 g) with constant stimng. 
40 A portion ofthe sieved theophylline (10 g) was then added to the polymer solution under constant 40 
agitation to ensure an even dispersion ofthe theophylline. This product constituted an internal phase for 
the subsequent emulsrfication step. 

Magnesium stearate was dissoh/ed in heavy mineral oil U.S. Pharmaceopoeia so as to achieve a 
concentration of 13% w/v. This solution was used as an external liquid phase. 1 50 ml of the external liquid 
45 phase was decanted into a tall 600 ml beaker and the intemal phase prepared above was added thereto. 45 
Emulsrfication was achieved using a Silverson mixer (Silverson is a Trade Mark) at full speed for 2 minutes 
and then dropping the speed as required to achieve the desired particle size. 

The suspension of particles in the external phase was then introduced into a rotary evaporator and the 
acetone removed under vacuum. The suspension now consisted solely of polymer coated theophylline or 
50 "pharmasomes" suspended in the external liquid phase. On microscopic examination particle size was 50 
foundtorangefromlOtolSOm. . . ^ 

The partides were centrifuged down and the external phase decanted. The partides were then washed 
repeatedly with heptane to remove the external liquid phase, the final product was then filtered and dried 
at 45*C for two hours. The particles were then sieved with mesh sizes of 50, 90, 125 and 180 pm. The major 
55 proportion of partides were retained by the 90 pm sieve. 55 
The dissolution rate of the 90—1 25 m fraction of the partides was estimated using the Paddle Method 
of U.S. Pharmacopoeia XX as indicated above. The results were as follows: 
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■me partides werefound to betasieiess with complete masking of the normally bitter taste of 
tfieoph^Hne. 
MPLE2 

the £SmaI liquid phase heavy mineral oH was replaced by light mineral oil. A major proportion of the 
20 '"'^•SJdiilC.^^SS.elS.^- 20 
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The particles were found to be tasteless. 
EXAMPLES 

Preoaration of Micro-Particles Containing Nrfedipme -r,. . . . 

3S l^molel wasrepeatedexceptthatiegof nifedipinewas used in place of theophylline. The internal 31 
oha^nsisted of Eudragit RS 100 (Eudragtt RS 100 is a Trade Mark) and methanol at a concentration of 
S%i"^eStemal phase consisted of magnesium stearate in light mineral oil at a concentration of 2.5% 



w/v. 



The 



dissolution rate of the particles formed was determined and was found to be as follows: 
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The particles were found to be tasteless. 
EXAMPLE 4 

1 0 Preparation of Micro-Particles Containing Dextromethorphan Hydrobromide ^ q 

Example 1 was repeated except tiiat 10 g of theophylline was replaced by 10 g of dextromethorphan 

hydrobromide. 

The dissolution rate of the particles was determined and was found to be as follows: 
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EXAMPLES 

Preparation of Micro-Partides Containing Saccharin Sodium 

Example 1 was repeated except that theophylline was replaced by 6.5 g of saccharin sodium. The 
25 intemal phase consisted of Ethocel (ethyl cellulose) (Ethocel Is a Trade Mark) 45 cps dissolved in ethanol so 26 
as to give a concentration of 15% w/v. Saccharin sodium was added to 50 g of the polymer solution. The 
extemal liquid phase consisted of heavy mineral oil U.S. Pharmacopoeia. 

The dissolution rate of the particles was determined and was found to be as follows: 

Time (sec.) % Release 



30 5 60 30 

10 75 
15 89 
30 94 
60 100 

35 EXAMPLE 6 3® 
Preparation of Micro-Particles Containing Pseudoephedrine Hydrochloride 

The procedure of Example 1 was repeated except that the theophylline was replaced by 10 g of 
pseudoephedrine hydrochloride. 50 g of CAB was used which was dissolved in 20 ml of hexane so as to 
form the polymer solution. 

40 The dissolution rate of the particles was determined and found to be as follows: 40 
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the particles was determined and found to be as follows: 
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soluSl^^sistro^ECceKEJcelisaTraS^ 

S^SWaltrfthesolventoftheintemalphasethepartidesor'-pherma^^^^ 
suspSn *e sorbitol solutlon.The particles were harvested by decantjng the sorbitol solution. The 
dissolution rate of the partides was determined and was found to be as follows: 
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EXAMPLE 9 

Example 8 was repeated without decanting the sorbitol solution. The suspension thereby obtained was 
flavoured and made up to the required strength for use as an oral suspension. 

EXAMPLE 10 

1 5 Preparation of Micro-Particles Containing Er/thromycin Base 

Example 1 was repeated except that theophylline was replaced by erythromycin base. The polymer 
used was a mixture of cellulose acetate butyrate and cellulose acetate phthatate in a ratio of 2:1. The 
dissolution rate of the particles was determined and was found to be as follows: 





Time (h) 


% Release 




20 


0.5 


20 


20 




1 


30 






2 


40 






3 


55 






4 


70 




25 


5 


78 


25 




6 


87 






7 


95 





Other mixed polymers were used in the intemal phase and proved successful in achieving a 100% 
release of the acth^ ingredient from the particles formed. Examples of mixed polymers used were as 



30 follows: 30 



Polymer 


Ratio 


Cellulose acetate butyrate/polyvinylpyn-olidone 


9:1 


Cellulose acetate butyrate/polyvinylpyrroKdone 


4:1 


Cellulose acetate butyrate^ly(methyl methacrylic acid) 


1:1 


Cellulose acetate butyrate/PoIyi methyl methacrylic acid) 


3:1 


Eudragit RS/Eudragit RL 


9:1 


Ethocel/polyvinylpyrrolidone 


9:1 



35 



10 



GB 2 166 651 A 



10 



15 



20 



EXAMPLE 11 

Preparation of •n.eophyllineSynip ^suspended in a sugar solution in water (66%) sow to 

Tables1and2. ^«»„^nnRo 3 and Tables 1 and 2 that the plasma levels after 10 

It will be observed ftom ^eaccom^^^^ Accordingly, the graph shows a 

hours are not significantfy ^'^^f plasma levels over 10 hours, NormaHy 

Dfolonged absorption phase the '"•7"^^^™/^ ^^parent biological half-life of theophyll.ne 

n^uiLinedorlmmediate release th^^^^^ 

TABLE 1 . . . r.»^ 

Blood Level Study Results-Nummary of Pharmacokinetic Data 
Theophylline— 600 mg S,D. 

Plasma Uvels m cg/ml 
Hours After Administration 



25 SUBJ 

1 

2 

MEAN 
ST DEV 
30 •CV(%) 

MAX 
MiN 



0^ 



1.00 



2.00 



4.00 



6.00 



8.00 



10.00 



0.00 


3.15 


4.25 


4.70 


3.45 


3.00 


2.85 


0.00 


2.90 


4v85 


5.05 


5.00 


4.30 


4.25 


0.00 


3.03 


4.55 


4.88 


4.23 


3.65 


3.55 


0.00 


0.18 


0.42 


0.25 


1.10 


0.92 


0.99 


0.00 


5.84 


9.32 


5.08 


25S4 


25.18 


27.89 


0.00 


ai5 


4.85 


5.05 


5.00 


4^ 


4.25 


0.00 


2.90 


4.25 


4.70 


3^ 


3.00 


2.85 



•CoefTicient of variation 
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AUC' 
(0.00- 
10.00 H) 



TABLE 2 
Theophylline— 600 mg S.D. 
Pharmacoidnetic Parameters 
Peaking Peak 
Time Height C(max)/C(min) 
T(max) C(max) at 10.00 Hours 



Elimination 
Rate 
K EL. 



Half-Life 
T 1/2 



1 


34.67 


4.00 


4.70 


1.65 


. 0.05 


14.51 


2 


43.13 


4.00 


5.05 


1.19 


0.03 


20.74 


MEAN 


38.90 


4.00 


4.88 


1.42 


0.04 


17.62 


STDEV 


5.98 


0.00 


0.25 


0.33 


0.01 


4.41 


CV(%) 


15.36 


0.00 


5.08 


22.91 


25.00 


25.00 


Based on 


Mean Blood Level Curve 










MEAN 
•Area under curve 


4.00 


4.88 


1.37 
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15 EXAMPLE 12 

Theophylline Suspension 

Theophylline microparticles "Pharmasomes" (prepared as per Example 1) were suspended in a liquid 
vehicle consisting of: 



16 



20 



70% Sort>itol Solution 
Glycerin 

Polysort>ate-80 (Trade Mark) 



89.9% by weight 
10.0% by weight 
0.1% by weight 



20 



so as to give a suspension containing 200 mg theophylline per 5 ml. 

Samples of the suspension were stored at room temperature and tested at intervals to determine the 
stability of the "pharnwsomes" In suspension. 
25 At the time of preparation the assayed content of theophylline was 1 88.4 mg/5 ml and after 1 5 weeks it 25 
was 1 90.5 mg/5 ml indicating that there had t>een no chemical breakdown of the drug. 

The dissolution rate was also tested over a 15 week period and the results are summarised in Table 3 in 
Rg.4. 

In surhmary the data shows that the suspension retains its potency and dissolution characteristics for at 
30 least 15weeks after preparation. 30 

Pharmacological Data 

The suspension prepared as per Example 12 was tested in a six subject bioavailability study at a dose of 
720 mg (18 ml) versus a conventional syrup (Somophylline) given as two doses of 360 mg at 0 and 6 hours. 
The results are summarised in Table 4 and Rg. 5. In Rg. 5 the curve (a) represents the suspension of 
35 Example 12 and curve (b) the Somophylline syrup used as reference. 35 

TABLE 3 

Theophylline Suspension of Example 12 (200 mg/5 ml) Stability of Dissolution 

Percentage Dissolution 



40 




0.00 


1.00 


2.00 


Time (Hours) 
3.00 


4.00 


5.00 


6.00 


24.00 


40 




OWks 


0.00 


43.30 


59.20 


75.60 


80.00 


84.30 


87.70 


100.00 






awks 


0.00 


39.50 


59.10 


70.70 


77.90 


84.20 


87.70 


99.50 






5Wks 


0.00 


40.00 


60.10 


69.80 


78.20 


85.10 


85.90 


99.00 






7Wks 


0.00 


42.00 


63.00 


79.20 


84.20 


90.00 


90.60 


100.00 




45 


15Wks 


0.00 


45.80 


60.90 


72.50 


80.70 


84.90 


88.00 


99.90 


45 
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TABLE 4 



10 



IS 



miAttn TKonnhvllin 
■Viesn 1 nBO|jiiyi"i» 


e Plasma Concentration (mcg/mH 


Time |h) 


Somophyiline 


Theophylline 
Suspension 


0.0 


0.0 


0.0 


0.5 


7.98 


138 


1.0 


10.24 


3.57 


1.5 


8.68 


6.09 


2.0 


8.17 


7.31 


3.0 


7.68 


831 


4.0 


533 


9.75 


6.0 


5.25 


9.17 


6.5 


10.94 


9.75 


7.0 


11.20 


9.08 


7.5 


11.75 


a84 


&0 


1237 


9.14 


9.0 


11.98 


837 


10.0 


10.76 


7.52 


12.0 


8.99 


6.26 



10 



IS 



20 The data dearly shows that although the theophylline suspension of Example 1 2 's slightly less 
20 .^jrio«H7%)ti»anthe reference, the time to peak and the duration of significant blood levels is 

^?1^mS m'Lpsitides "pharmasomes'' were prepare 

**~SSl3-Hiiicrop8rtrdes having an averagepartlclesfeeoflessthanSO^^^^ 
E^mple l4-micropartide8 having an average particle siie of greater than 90 microns. 
The "phamiasomes" v»ere suspended in a vehicle made up of: 



20 



25 



30 



35 



% by Weight 


70% Sorbitol Solution 


853 


Avicei RC 591 (Trade Mark) 


0.7 


Potassium Sorbate 


03 


Titanium Dioxide 25% (in 70% Sorbitol) 


2.7 


Simethicone {Trade Mark) 10% Emulsion 


0.01 


Glycerin 


103 


Citric Add 


03 


Sodium Lauryl Sulphate 


0.04 


8 suspension containing 300 mg Theophylline per 5 ml. 





30 



35 
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The suspensions of Examples 13 and 14 were tested for bioavailabnity in four subjects at a dose of 690 
mg (1 1 5 ml) for the syrups of Examples 13 and 14 versus a conventional syrup (Somophylline) given as two 
doses of 320 rng at 0 and 6 hours. The results are summarised in Table 5 and Fig. 6. The Rg. 6, the curve la) 
5 represents the suspension of Example 13, the curve (b) the suspension of Example 14 and the curve (c) the 
Somophylline syrup used as reference. 

TABLE 5 

Mean Theophylline Plasma Concentration— mcg/ml 



10 



15 



20 



25 



Time (n; 


C/imnnhwIlinA 

oornopnyiiinc 


Susoension 
of 


Suspension 
of 

Example 14 


10 


u 


n 

V 


0 


0 




U.& 


9.90 




1.98 




1 


lU.l** 


9.VO 


4.07 




1,5 






6.45 


IS 


2 


Q ttA 
D.D4 


7 16 


6.81 




3 


"7 "7 A 




7.67 




4 


O.OZ 




7.99 




0 


K ^1 
9.A 1 


646 


7.08 




ft R 
1X0 


8.79 






20 


7 


12.00 


6.74 


D.90 




7.5 


12.01 








8 


12.11 


6.03 


6.47 




9 


11.61 








10 


10.17 


535 


5.82 


25 


12 


8.07 


4.06 


5.02 




15 




2.77 


4.04 




18 




2.22 


2.67 




21 


2.44 


1.79 


1.95 




24 


1.55 


1.28 


1.59 


30 



30 

The results confirm the findings for Example 12 as indicated in Fig. 7, wherein curve (a) represents the 
suspension of Example 12, curve (b) the suspension of Example 13 and curve ic) the suspension of Example 
14. 

EXAMPLE 15 

35 Paracetamol Suspension ^ ^. u- . 35 

Paracetamol "pharmasomes" prepared as per Example 2 were suspended In a liquid vehicle prepared 
as per Example 12 to give a suspension containing 300 mg of Paracetamol per 5 ml. 

The suspension was stored at room temperature and tested at intervals for 30 weeks. 

At the time of preparation the assayed content was 299.8 mg (paracetamol) per 5 ml and after 30 weeks 
40 was 297-9 mg/S ml indicating that there was no significant loss of activity. 4q 

During the above time period the dissolution was also tested and the results are given In Table 6. 
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14 



TABLE 6 
Percentage Dissolution 



10 



OWks 
2Wks 
5Wks 
7Wks 

isvyks 

30Wks 



0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 



1.00 
56.50 
58.40 
56.90 
55.30 
58S0 
58.10 



Tinie (h) 
2.00 



70.60 
71.80 
72.50 
69.10 
69.30 
71.50 



3.00 
ISM 
80.40 
77.20 
75.40 
76.78 
76^0 



4.00 
8130 
81.70 
80.40 

80.30 
80.60 
8130 



5.00 

83.80 

86.40 

83.90 

82.90 

82.80 

84.70 



6.00 

88.30 

87.90 

84.40 

84.70 

84.30 

8730 



15 



Agraphicrepresentationofti.^e^^ 

are given in Table 7. ^ 

Mean Paracetamol Plasma Concentrations (mcg/ml) 



20 



25 



30 



Time (h) 


Reference 
(Dozol) 


Suspension of 
Example 15 


0.0 


0.0 


0.0 


a5 


7.74 


3.44 


1.0 


6.49 


6.05 


2.0 


4.14 . 


736 


3.0 


3.04 


5.80 


4.0 


2.04 


4.60 


6.0 


1.08 


3.15 


6.5 


533 


2.65 


7-0 


538 


2.26 


8.0 


4.79 


138 


9.0 


4.00 


1.63 


10.0 


ao5 


1.44 


12.0 


1.81 


1.06 


14.0 


1.10 


0.72 


16.0 


0.69 


0.49 


24.0 


0.18 


0.14 



35 AgraphicrepresemationlsgiveninRg.9,whereincun«(a)representsthesuspensionofExa^^^^ 

^'^^"HiSfn'oSraSolgLI^^^ 

refer?n»TS^2Je'^^^^^^^^ 
frequency. 
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EXAMPLE 16 

"Pharmasomes" were prepared as per Example 2 and suspended in liquid as per Example 13 so as to 
give a suspension containing 320 mg per 5 ml. This suspension was tested for bioavailability in 6 subjects 
using a conventional (Tylenol (Trade Mark)) EJixir as refererKe. A single dose of paracetamol 
5 "pharmasomes'' 2(XX)mg (31^ ml) was administered and two doses ofTylenol(10(X)mg) at 0 and 6 hours. 5 
The results are ghren in Table a 

TABLE 8 

Mean Paracetamol Plasma Concentrations (mcg/mi) 







ri «7I C* CJV H«C7 






10 


Time (h) 


(Tylenol Elixir) 


Example 16 


10 




0.0 


0.0 


0.0 






0J5 


14.33 


8.27 






1.0 


14.05 


15.09 






2.0 


6.69 


14J34 




15 


3.0 


6.95 


13.24 


16 




4.0 


4.93 


11.53 






4.5 


15.53 


9.52 






5.0 


14.67 


8.08 






&0 


12.72 


6.10 




20 


7.0 


8.92 


4.43 


20 




8.0 


6.61 


3.54 






10.0 


3.64 


2.43 






12.0 


Z17 


1.10 






14.0 


1.31 


1.10 




25 


16.0 


0.77 


0.68 


25 




24w0 


0.02 


0.17 





The results are presented graphically in Rgure 10 wherein curve (a) corresponds to the suspension of 
Example 16 and curve (b) corresponds to the reference Elbcir. The prolonged absorption profile again can be 
seen with no significant loss in bioavailability, indicating a reduced dosage frequency. 



30 EXAMPLE 17 30 

"Pharmasomes" were prepared as per Example 2 with cellulose acetate being substituted for the 
cellulose acetate butyrate. The suspension was prepared as per.Example 16. The suspension was tested in a 
6 subject bioavailability study at a single dose of 2000 mg against a reference solution (Tylenol Elixir) given 
as two 1 000 mg doses. The results are given in Table 9. 



TABLE 9 

Mean Paracetamol Rasma Concentrations (mcgAnI) 



10 



15 



20 



25 



Time (h) 


Tylenol Elixir 
1 gx2 


Suspension or 
Example 17 
2 gxl 


D 


0.0 


0.00 


0.00 




0^ 


1230 


5.11 




0.75 


12.88 


7.07 




1.0 


12.29 


9.15 




1.5 


10.17 


12.01 


10 


2.0 


8.19 


12.47 




3.0 


6.00 


11.17 




4.0 . 


4.35 


9.40 




4.5 


13.54 


8.37 




4.75 


14.00 


8.04 


Id 


5.0 


13.02 


7.55 




5.5 


13.09 


6.57 




6.0 


11.20 


5.71 




7.0 


8.17 


4.54 




&0 


5.98 


3.76 


20 


10.0 


3.42 


2.66 




12.0 


1.98 


1.60 




14.0 


1.24 


1.03 




16.0 


0.82 


0.83 




24.0 


0^6 


039 


25 



ThcfiguresgivenlnTab^eSandaccompanJnB^ 
S!JS(b)t7thl suspension of Example 16andcun,e(c) to the suspension of Exampleir 



30 EXAMPLE 18 



30 



kMPL£18 :^„»-!,.i«. of Asnartarne were prepared in the following manner. 

re^^!S«^^^^^ 35 

'^''^'^rfjZe^^^^^-!^^ "pharmasomes", unsweetened chewing gum was used Pura 

To ^ "Dharmasomes" were folded into the gum so as to give a 0.2% 

Aspartame powder and the p^radphann^^ volunteers in a blind. 40 

40 concentrationofMpartame-B^h^^ 

JoTanJZSlie^^^^^ 



17 
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gum was 10 minutes. The gum containing the "pharmasomes" was perceived as being less intensely sweet . 
but observably sweet for 30 minutes on average. The results are indicated in Rg. 13 which is a graphic 
representation of the Aspartame sweetness test giving mean values for the testing panel of 24 volunteers. 

EXAMPLE 19 

5 Chewable Tablet Containing Paracetamol 5 
The following materials were mixed together: 

1000 g Paracetamol ''pharmasomes"— as per Example 2 (equivalent to 500 g of Paracetamol) 
250 g Dipac (Trade Mark) (Sucrose 97%, Dextrin 3%) 
250 g Mannitol 

10 5 g Colloidal Silicon Dioxide . . 10 

25 g Maize Starch 
20 g Magnesium Stearate 
15 g Orange Ravour 
35 g Orange Colour 

15 The blend was compressed at a weight of 960 mg into tablets each containing 300 mg of Paracetamol. 15 
The tablets were pleasant to chew and the dissolution characteristics of the "pharmasomes" were 
unchanged as shown In Table 10 and Rg. 14. 

TABLE 10 
Dissolution Rate 



20 J\me (h) "Pharmasomes" Tablets 20 

1 58.7% 59.2% 

3 79^% 80.7% 



6 95.6% 95.8% 

In Rg. 14 curve (a) corresponds to the dissoiution pattern of the "phamriasomes" of Example 19 and 
25 curve (b) tu the chewable tablets prepared therefrom. 

EXAMPLE20 

"Melt" Tablets Corrtaining Paracetamol 

Melt tablets are similar to chewable tablets except that they disintegrate rapidly in the mouth and do 
not need to be chewed. Such tablets were prepared as follows: 



30 1000 g Paracetamol "pharmasonries" (as per Example 2) (equivalent to 500 g Paracetamol) 30 
50 g Mannitol 
250 g Microcrystaliine Cellulose 
30 g Strawberry Ravour 
15 g Red Colour 

35 eOgCross-Povidone 35 
5 g Sodium Lauryl Sulphate 
30 g Carboxymethyl starch 
1 5 g Magnesium Stearate 
15 g Talc 

40 The blend was compressed at a weight of 882 mg to give tablets each containing 300 mg of 40 
Paracetamol. The disintegration time of the tablets was less than 30 seconds and the dissoiution rate of the 
"pharmasomes" was unchanged as indicated in Table 1 1 and Rg. 1 5. 

TABLE 11 
Dissolution Rate 



45 Time (h) "Pharmasomes'' Tablets 45 

1 58.7% 60.1% 

3 79.8% 81J2% 



6 



95.6% 



95.5% 



InFig i5curve(a)correspondstothedi«olutionpa«Bmforthe"pharn,asom^^^ 
curve (b) to the melt tablets prepared therefrom. 
EXAMPLE 21 . 

Capsules Containing Nifedipine ,3 gy nature they were free flowing and only 0.5% 

magnesium stearete needed to be added to P"^* T^^^^^ rapsules.The dissolution rate 

of^Wnev^-ca^^ 



10 



15 



TABLE 12 
Dissolution Rate 


Time (h) 


"Pharmasomes" 


Capsules 




^.6% 


41.7% 


1 


56.1% 


54.9% 


3 


74.6% 


73.6% 


5 


8&9% 


84.4% 


8 


98.7% 


97.6% 



10 



15 



Although not wishing to be bound by any theoretical explanat on of the '^^^^^^ 
DolvX^?«tantiallybutnotentirelycoat8theacth«lnBred^^^ 20 
20 SSSSSrbe»chievedevanwhen.nin»olublepolymer«use^^ 

EXAMPLE22 . 

a coS^SJX^J^S: chlonWSOO mfl/5 ml and which in addition to the "pharmasomes' 
25 contained the following Ingredients: 



30 



35 



Oil USP (Soy, cotton seed) 


425.00 ml 


Sorbitol Powder USP 


1 00.00 g 


Aerosll R972 fT rade Mark) 


12.50 g 


Tenox GTI (Trade Mark) 


oiOg 


atricacid 


0.025 g 


Chocolate flavour # 396676 


0.52 ml 


Chocolate mint flavour # 395496 


0^ ml 


Ravour enhancer 


1.00 g 


Brown t^ke dye 


0.05 g 


Titanium dioxide 


0.10 g 



30 



35 



me total volume of the suspension without the "pharmasomes was 500 ml. 

tofbZ poWder USP and Aerosil R972 (Trade Mark) were dry blended and then ba I wrtht».e 
„n n,^ to oredJce an even dispersion. The Tenox GTI (Trade Mark) which is an anb-oxidant and tf» crtnc 
ad?^ d^ blfndXnS the^dispersed with constant agitation into the oil mixture The ^o*'"^ •«» 
Af^ K^^mTnttevoufsandthefl^^^^^ * 
*° ?^UkTS^^SreSSn?umdioxide^^ 

Tr«ifa?2J hour to ensure even dispersion of the various ingredients. An amount of potassium 

^i^£^^nOin?ng^P^ 
SS^^SlSdeforth^^y'lIm^^ 
45 blCTdedtog^erwiththeoilmixtureresultinginanevenlymixedsuspension. 4 
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1 A controlled release powder containing discrete micro-particles for use in edible, phannaceutical and 
other'controlled release compositions, said powder comprising particles containing an active mgredient 
and oDtionally an excipient in intimate admixture with at least one non-toxic polymer, each of said partides 
beina in the form of a micromatrix with the acthfe ingredient and the excipient if present, uniformly 
distributed throughout the polymer, said partides having an average size in the range 0.1 to 1 25 pm. and 
having a predetermined release of active ingredient when the dissolution rate thereof is measured 
accordinq to the Paddle Method of U.S. Pharmacopoeia XX at 3TC and 75 r.p.m. . . ^ 

2. A controlled release powder according to daim 1 , wherein the particles have an average size in the 



10 



35 



1 0 range ^^^^^ ^^^^^ powder according to daim 1 or 2, wherein the active ingredient is a drug, a 
nutrient a flavouring agent or a sweetening agent 

4. A controlled release powder according to Qaim 1 or 2, wherein the active ingredient is a colouring 
aaent a fragrance, a herbidde or 8 pesticide. .... - . 

15 5 A controlled release powder according to any one of daims 1 to 4, wherein the polymer is selected .15 
from- alkyi celluloses, hydroxyalkyl celluloses, cellulose ethers, cellulose esters, nitro celluloses, polymers 
frf acrvlic and methacrylic acids and esters thereof, polyamides, polycarbonates, polyalkylenes, 
Dolvalkylene glycols, polyalkylene oxides, polyalkyiene terephthalates, polyvinyl alcohols, polyvinyl ethers, 
polyvinyl esters, polyvinyl halides, polyvinylpyrrolidone, polyglycolides, polysiloxanes and polyurethanes 

20 and co-polymers thereof. x • ^ 

aAprocess for preparing a controlled release powder according to any one of daims 1 to 5, which 
comprises the steps of: 

a) forming a solution of the polymer or polymers in a soh^ent; 

b) dissoh^ng or dispersing the active ingredient in said polymer solution so as to forni a uniform 

25 ""'^j^^^j^g soh^nt from the mixture so as to obtain micro-partides having an average size in the 

range p^^^^^nJing to daim 6, wherein the partides obtained have an average size in the range 5 to 

30 S^A process according to daim 6 or 7 wherein the so^ent is selected from water, alcohols, ketones, 30 
haloaenated aliphatic compounds, halogenated aromatic hydrocarbon compounds, aromatic hydrocarbon 
compounds and cydic ethers or a mbcture thereof, and the so^ent is removed in step (c) by spray drying, 
use of an external liquid phase, phase separation, interfacial polymer deposition or coacervation. 
' ' 9. A phanriaceutical composrtion containing a controlled release powder according to any one of 

35 daims 1 to 5. ^ * 

1 0. A phamiaoeutical composition containing a controlled release powder according to any one of 
Claims 1 to 5, and which is in the form of tablets, capsules, suppositories, implants or ocular inserts. 

1 1 . A pharmaceutical composrtion according to aaim 9, which is in the form of chewable tablets or melt 

tablete. ^ ^^^^^^^^^^^^^1 composition containing a controlled release powder according to any one of 40 
daims 1 to 5, and which is in the form of a cream, an ointment or a formulation suitable for transdermal 

deliv^iy^ pharmaceutical composition containing a controlled release powder according to any one of 
daims 1 to 5, and which is in the form of a liquid for oral, local or parenteral administration. 

45 14. A pharmaceutical composition according to claim 13, which is in the form of eye drops, nasal drops, • 45 
ear drops, a suspension, a syrup, or an infusion or Injectable solution. 

15. A pharmaceutical composition according to any one of claims 9 to 14, wherein the active ingredient 
is selected from: Ibuprofen, paracetamol, 5-amino-sailcylic add, dextromethorphan, propranolol, 
theophylline, diltiazem, methyldopa, pseudoephedrine, dmetidine, cephalexin, cephador, cephradine, 

50 naproxen, piroxicam, diazepam, didofenac, indomethacin, amoxycillin, pivampicillin, bacampicillin, 50 
dicloxacillin, er/thromydn, lincomydn, codergocrine mesylate, doxycycline, dipyridamole, frusemide. 
triamterene,' sulindac, nifedipine, atenolol, erythromydn stearate, lorazepam, glibenclamide, salbutamol, 
trimethoprim/sulphamethoxazole, spironolactone, carbinoxamine maleate, guaiphenesin and metoprolol 
• tartrate. 

55 1 6. A pharmaceutical composition according to Cliaim 9 for oral administration, wharein the actjve? 55 
' ingredient is theophylline. 

17. A pharmaceutical composition according to Claim 9 for oral administration, wherein the active 
ingredient is paracetamol. 

18. A phamiaceutical composrtion according to Claim 9 for oral administration, wherein the active 

60 ingredient is potassium chloride. 60 

19. A controlled release powder according to claim 1, substantially as hereinbefore described with 
reference to the Examples, 

20. A process according to Claim 6 for preparing a controlled release powder, substantially as 
hereinbefore described with reference to the Examples. 
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2,Acontro..edre.easepc««.erv^eneverprepa«.»^apn«essdai^^ 
^"'g:Apharrnaceutica.compos,tio„accord.ngtoaa™9,s«bs«^^^ 

'^lr.S;Lfon.«.atlonacco«iingtoaain.23«^ 

'p^assliim chloride, .„«w«tir fermulation substantially free from the taste of said antbioticfw 

pHaSa^sr;?;™sss^«^^ 

20 aaims1^^^3^r^^^^^^,^„„3^^^^aalm28.^ 

"°"STaSt°r:u.ationaccon,in«toa.im28,v*^^ 
25 «^;i;"o«.formu.ationaccord.n9toaaim23.sut«an,^^^ ^« 

*^^7c!Svin8g«maccordlngtoaairn25,s.bstantia..yashe,.in^^^ 

'"''SSAnon-aqueoussuspenslonaccoaJingtoaaim26.substantia.ly as he 
^ '^StSSSlS -^ase antibiotic fonnulation acco^iing to Claim 28. substantially as hereinbefo« 

^ " i ^-.PWTtr^r. Bn986. Demand Ho, 8817356. 
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